The incidence of Type 1 (insulin-dependent) diabetes mellitus, one of the most common chronic diseases with onset early in life, has been increasing in Europe during the past 20 years and a considerable geographic variation has been recently described [1] with a 10-fold difference between the lowest and the highest rates. Recently, the Eurodiab Ace multinational collaborative project has confirmed the striking and surprising unique diabetes hotspot of Sardinia, whose figures (30.2/100,000 for the 0-14 year age group and 24/100,000 for the 0-29 year age group in 1989 and 1990 ) have approached the estimates of incidence observed in Finland [24] . Higher than expected incidence (24/100,000) and prevalence (1.58/1000) rates have also been previously assessed in the province of Cagliari (southern Sardinia) between 1984 and 1986 in the 0-18 year age group [5] . Moreoever, a retrospective analysis of the Sardinian newly-diagnosed Type 1 diabetic patients aged 0-14 years between 1958 and 1987, but lacking a secondary validation source, showed a sharp increase in the incidence of the disease with two outbreaks in 1975 and 1983 and generally a doubling or even trebling every 10 years [6] . These results strongly substantiate the existence of an environmental contribution to the aetiology of Type 1 diabetes in general [7] and specifically in Sardinia.
In order to obtain new and more detailed information data and to characterize the temporal trend and the geographical distribution of the prevalence of juvenile onset Type i diabetes in Sardinia we carried out an analysis of a series of birth cohorts of Sardinian male army conscripts aged 0-19years, rejected because of Type i diabetes.
Subjects, materials and methods

Ascertainment and verification of cases
According to the Italian law all male citizens must appear before a Conscript Board for a clinical examination and a thorough assessment prior to military or civil service. The first examination takes place between the age of 18-19 years at the latest and cannot bepostponed. Only the military duty can be postponed upon request (generally until 26 years of age) e.g. for completion of study. A second conscript examination can take place upon request before military duty is started. Subjects who leave before the age of the conscript examination :must return to Sardinia for the examination 1936-1940 1941-1945 1946-1950 1951-1955 1956-1960 1961-1965 1966-1%9 1970-1973 Total   10  3  58  88  103  132  183  158  735   0  0  5  1  3  8  25  43  2  3  2  1  2  1  0  14   1  55  81  101  127  174  133  678   0  0  0  23  116  138  122  402  0  31  70  71  10  30  8  220  1  24  11  7  1  6  3  56   82162  89061  87280  87336  84818  64626  60695 before their 21st birthday at the latest, in order to be allowed to definitely move from the island. However, those who move permanently to mainland Italy before 18-19 years of age are examined by the conscript board of the new residence. For obvious logistical reasons it is impossible to account for these cases. Sardinia has only one conscript board district in Cagliari where subjects liable for military service are examined. For several decades the examination and administration of registers have followed the same guidelines all over the island. In addition to personal data on each subject, a medical record for those rejected is established. During investigation of the files of the Sardinian Conscript Register we identified all the males who were 1) born in Sardinia between 1 January 1936 and 31 December 1973 and 2) were rejected by the Conscript Board because of a diagnosis of idiopathic diabetes. The study was closed in December 1991 at which time the youngest subject in the cohort had reached the age of 18 years. Subjects previously diagnosed with diabetes, certified by a physician, will inevitably be rejected with diabetes listed as the reason. Moreover, the conscript board register records the date and place of birth, present address, time and place of the examination, all available medical certificates, the insulin treatment and the genetic conditions to which diabetes among Sardinians might be secondary (e. g. thalassaemia), but no information is available for the date of onset of the disease. In each initial case of diabetes or suspected diabetes (glycosuria, renal glycosuria, latent diabetes, renal diabetes) recorded at the board examination, in order to confirm the diagnosis, a COlnpulsory additional medical investigation was performed during admission to the Cagliari Military Hospital.
Population data
Data on the number of liveborn males from the cohorts under study were obtained from official statistical reports (Istituto Centrale di Statistica ISTAT, Regione Autonoma Sardegna). From these sources it has also been possible to assess the number of deaths (0-19 year age group, males) and the emigration level (male and female, all ages) in both the Italian and Sardinian population for the relevant period. Death certificates were not available for study.
No difference was found between Sardinian and Italian mortafity rates; therefore, we subtracted all deaths occurring before the age of 19 years among the Sardinian birth cohorts and then estimated the number of subjects at risk of diabetes from birth to the age of conscripfion. The subtraction was done to outweigh the omission of individuals who might have died before the age of conscription [8] .
On the other hand, the analysis of Sardinian emigration data and their comparison with data from Italy was done in order to obtain a rough estimate of the phenomenon, being almost impossible to obtain from official sources the number of Sardinian males aged 0-20 years who emigrated during the study period.
Statistical analysis
The basic epidemiological measure of occurrence employed in this analysis was the prevalence of diabetes at age 20 years. In addition to representing a point prevalence by age 20 years, this measure estimates the risk of developing diabetes before 20 years of age, assuming that excess mortafity among diabetic subjects may be ignored before that age. Since age-specific prevalence represents a proportion, confidence intervals for point prevalences were estimated by means of the Poisson distribution. Chi-square analyses were used for testing heterogeneity between proportions and for the analysis of time trends the method of Armitage [9] was employed.
Results
In the conscript register 735 subjects with Type 1 diabetes were identified (Table 1) . Forty-three subjects (5.8%) were excluded because they were born outside Sardinia. An additional 14 subjects (1.9 %) were excluded because they were older than 20 years at the time of the second conscript examination where they were rejected because of Type i diabetes. After reduction by cases not fulfilling the inclusion criteria, 678 subjects (92.2 %) remained. The initial cohorts have been subtracted by deaths. The increase of prevalence in the grouped (5-year) birth cohorts was 29-fold over the 37 year The 1961-1965 and 1966-1969 birth cohorts have a significantly higher rate compared with the previous cohorts, reaching a peak value of 2.85/1000 for the late 1960s cohorts, close to the rates reported for Nordic countries. The chi-square analysis of the birth cohorts, according to 5-year grouping by date of birth, shows that there is definitely a significant variation according to the birth cohorts although, over the total period of observation, this variation does not fit a linear trend. This increased prevalence that fails to fit into a linear trend is also clearly illustrated in Figure 1 which also shows the distribution at the time of examination for cases from the conscript register. Figure 2 illustrates the different provincial trends for the prevalence of Type 1 diabetes among Sardinian birth cohorts. Figure 3 shows the four provinces of Sardinia. The geographic distribution of patients in the provinces of Sardinia is shown in Table 2 with reference to the date of 549 birth (it must be noted that in 1976 the Cagliari province split administratively into two, Cagliari and Oristano). The relative distribution at birth is in agreement with the corresponding distribution of the total birth cohorts under study. Unfortunately, it has not been possible from official sources to assess the number of deaths at provincial level which restricted our analysis of prevalence (this holds also for Fig. 2 ) in comparison with the figures given in Table 1 . The traditional chi-square analysis of these data has been performed in two dimensions: a) according to birth cohorts within region as well as for Sardinia as a whole (the latter being similar to the overall chi-square value in Table 1 , but with slightly different denominators and with fewer groups); b) according to provinces within each subcohort as well as total cohort. It can be seen that for all provinces and for Sardinia as a whole (as already shown in Table 1 ), the statistical evidence of heterogeneity among the cohorts is overwhelming with the Cagliari-Oristano province showing the highest prevalence rate, followed in order by Sassari and Nuoro. However, there is no major support for geographic heterogeneity, except for the fact that the very early cohorts of the Nuoro province (the wildest, most isolated and sparsely populated Sardinian geographical area) has such a low prevalence rate [0.07 (95 % confidence limits 0.01-0.2)] that it almost approaches a p -value close to the 5 % level.
Discussion
During the past few years the changing patterns of Type 1 diabetes have been much researched [10] [11] [12] [13] . The principal aim of the present study was to characterize the secular trend of the recently reported high incidence of Type 1 diabetes in Sardinia [1, 2, 5, 6]. To this purpose, the conscript board register of Sardinia represented a valuable, well-documented source, although previously never used locally, for epidemiological studies of diabetes (or probably of other easily-defined childhood chronic diseases) occurring during the first 20 years of life [10] [11] [12] [13] . The unique Sardinian register covers all young males irrespective of their health status or their eventual later exemption from military duty. All conscript files have been handled according to the same rules for several decades. Finally, Sardinia, as a large isolated Mediterranean island, represents an ideal basis for epidemiological studies because of a)the homogeneous, stable and genetically well-defined population of 1.6 million people, b) the uniform widespread health care services and c) access to vital statistics and public registers.
Cagliari and Oristano
Our study shows that the point prevalence rate of Type i diabetes in the total birth cohorts for those aged 20 years is 1.19 per 1000 (95 % confidence limits 1.10-1.28) with a significant non-linear increase in prevalence with increasing birth cohort showing an apparent maximum at the end of the 1960s. Other studies have reported similar findings [14] [15] [16] [17] [18] ; for instance, Green et al. [16] described a significant increase in incidence of diabetes among Danish males aged 0-19 years reaching an apparent maximum at the beginning of the 1970s. On the other hand, studies of the incidence for birth cohorts fl'om the United States [19] , Poland [10] , Sweden [20] and Finland [121] failed to do so. As we have already discussed, unexpectedly high incidence (24/100,000) and prevalence (1.58/1000) rates (however lacking secondary validation sources and circumscribed only to the province of Caglia- [5] ; a sharp rise in the trend has also been confirmed in a retrospective study covering the 30-year period 1958-1987 [6] , where a progressive rise in the incidence of Type 1 diabetes during the same period among Sardinian subjects aged 0-14 years was recorded. The present study does not explain this secular trend. Given the absence of a secondary validation source for the whole study period, improved survival after the 1950s birth cohorts and a more precise and accurate ascertainment of Type i diabetes through better health care could partially explain the 1936-1945 birth cohort low plateau and the sudden increase of the 1946-1965/1969 birth cohorts. (It must be stressed that between 1955 and 1987 the national stillbirth, perinatal, and first-year mortality rates declined by about 80 % with no noticeable reduction in the rates between the Northern, Central and Southern, [including Sardinia] areas of Italy.) Moreover, emigration from Sardinia reached its peak between the early 1950s and the early 1960s (corresponding to the 1930-1940s birth cohort) simultaneously with the registered tow prevalence of the disease and therefore could represent one of the possible reasons for the observed trends. Still Sardinians who left before the age of the conscript board examination (18-19 years) generally had to be examined in Sardinia before the age of 21 in order to be allowed to move from the island. People who permanently moved to the mainland were mostly those who left in search of employment at an age generally older than 18-19 years to the more industrialized northern regions of Italy (Piedmont, Lombardy). Therefore, the error introduced is probably small. In order to better define this possible confounding bias, we have already set up a Sardinian migrant study to ascertain the prevalence and possibly the cumulative incidence of Type 1 diabetes among the Sardinian migrant communities around Italy and Europe. Lastl3; the ongoing registration of a) new Type i diabetic patients, as part of the collaborative Eurodiab Ace study and b) the annual screening of the Sardinian Conscript Register will enable us to better characterize the phenomenon of the reported high frequency of the disease among Sardinians. The estimated point prevalence after the mid-1950s birth cohorts, assuming no major changes in the mortality rate before age 20 years, will be very similar to the cumulative incidence and can be interpreted as the average risk of developing Type 1 diabetes from birth to age 19 years. We have no obvious explanation as to the small rates in the oldest cohorts. Type i diabetes was distributed throughout the different provinces of Sardinia according to the distribution of the total birth cohorts without any particular significant heterogeneity. However, with all due reservations, it must be stressed the rapidly rising prevalence, of the wild, rural and more isolated province of Nuoro (east) -with the lowest total prevalence rate -compared to the higher rates observed in both the more urbanized provinces of Cagliari-Oristano (south-west), with the highest rate and the Sassari province (north) at the intermediate level. This finding is also in accordance with the provincial distribution of newly-diagnosed Type 1 diabetic patients recorded during the Eurodiab Ace survey, carried out from 1989 through 1990, that showed a cluster (hot spot) of the disease in the Cagliari and Oristano provinces, where the highest incidence (0-29 years) rates were recorded, followed respectively by Nuoro and Sassari. Furthermore, these data do not seem to geographically overlap with the prevalence of islet cell antibodies (ICA) (a marker of beta-cell autoimmunity and probably of pre-T~e 1 diabetes) in healthy male school children that we have recently [22] assessed in three of four provinces of Sardinia (Cagliari, Oristano, Nuoro) and who showed the lowest ICA prevalence in Oristano.
In conclusion, we have found that the point prevalence of Type I diabetes before age 20 years in Sardinian males has sharply increased during the past 20 years apparently during the late 1960s reaching a peak close to the values reported for Nordic countries [1, 2, 17, [23] [24] [25] . Apparently, the geographical distribution of the prevalence of the disease did not exhibit any particular heterogeneity. Moreover, our data seem to confirm similar trends described retrospectively from 1958 to 1987 for the incidence and prevalence of the disease among Sardinian individuals aged 0-14 years [6] .
